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Abstract 
It was organized a non-formal course with the objectives to increase the capacity to develop research projects, understanding and 
critical interpretation of scientific articles, changing their ideas into research projects, in order to fulfill the need of students to be 
involved in research. Together with students from Faculty of Medicine and Faculty of Biology, we have developed projects 
regarding treatment of spinal trauma, innovative treatment of diabetes, decrease the postoperative scars, motherese. The diversity 
of subjects covered reflects the diverse interests of students and prove a great curiosity and an increased willingness to solve a 
major social problem. 
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1. Paper Rationale 
In Romania, there are a large number of students in the biomedical sciences, but getting outstanding results in 
research and consecutively in the economic environment is difficult. There are two ways in which this current 
situation can be explained, that can be taken into account on their own or together. The first explanation may be the 
low level of students' performance. This hypothesis is partially invalidated by the large number of physicians and 
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researchers in the biomedical sciences, who have a successful career through brain drain from Romania. A second 
hypothesis is the existence of an academic research environment which does not encourage students' performance. 
This issue is difficult to investigate, given the number of variables of the educational process, and due to the lack of 
an efficient performance criterion for measuring student achievements in research, that has applicability to a large 
percentage of the students, as well as a good correlation with the potential market of their research. 
To answer this challenge, an experimental hypothesis has been designed in order to investigate if the educational 
environment is responsible for the lack of students' involvement in research. To test this hypothesis, a stimulating 
environment for research activities was established, by creating learning opportunities with free access for students 
from the Carol Davila University of Medicine and Pharmacy and for students from Faculty of Biology, University of 
Bucharest. 
This environment was structured on two levels, in a different way in comparison to the academic curricula. The 
first level consisted of a theoretical and practical approach of the scientific research methodology and specific 
methods of laboratory investigation. The second level targets the development of projects based on the interests, 
knowledge, motivation and students' efforts. The two levels had also distinct temporal components, but overlapped 
to a large extent. 
The outcome evaluation of the educational experiment was made according to the results obtained by students 
which were based on the proposed projects and the potential social and economic impact. 
2. Paper theoretical foundation and related literature 
The American Community Survey from 2010 quoted by Robert Gebeloff and Shaila Dewan (Gebeloff and 
Dewan 2012), revealed that most revenues are obtained from biotechnology companies, medical and pharmaceutical 
products. Despite this public advertisement, the political decision makers from Romania have failed to capitalize the 
human resources in biomedical sciences, although this asset received an important recognition after brain drain. 
(Bhargava et al. 2011). Physicians need not only better wages to remain in their home country but also a social status 
and social recognition to give them hope for the future. (Manea 2011). These expectations may materialize in the  
future through the recognition of their merits reflected in a decent salary and also through offering them new 
opportunities to develop new therapies and biotechnology companies by converting their ideas and work into a 
profitable endeavor. 
Policy makers in the field of research and development have identified the need to maintain human capital with 
skills in research, development, innovation and the design of new product with economic impact and to develop 
programs able to tighten the links between industry and research, including in the fields of biotechnology and 
medicine (ANCSI 2015). 
The fundamental goals of education were defined by Jacques Delors in 1996 as "learning to know, learning to do, 
learning to live together and learning to be” (UNESCO 1996). These learning abilities overlap very well with the 
ability to develop research projects by setting an experimental hypothesis, and to test it along with colleagues from 
the research team. This thereby contributes to personal development. 
3. Methodology 
A non-formal course entitled Creativity and Innovation in Biomedical Sciences (which does not exist in the 
curriculum and is unsupported by the university) with the aim to introduce a variable in the educational process was 
proposed. This course has been advertised through students' organizations from the Carol Davila University of 
Medicine and Pharmacy and Faculty of Biology, University of Bucharest. The course had two sessions of four 
weeks. The first session was conducted during the 2014 academic summer vacation and the second one took place in 
the first semester of the academic year 2014-2015. No methods of limiting access to those wishing to participate in 
this program were applied. 
In the first session, 13 students were enrolled, as follows: four medical interns, one master student from the 
Faculty of Biology (with medical degree), and eight students from the Faculty of Medicine and Pharmacy. The four 
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medical interns abandoned in the middle of the educational program, without having the least active participation. 
The other students attended the entire training program. 
The second session was attended by three students from the Faculty of Medicine, but due to the busy schedule, 
the program was interrupted for a few weeks, by mutual agreement, in order to allow students to fulfill their 
academic obligations. 
The non-formal course Creativity and Innovation in Biomedical Sciences was organized over a period of four 
weeks, with a formal contact between students and organizers established at 2 times per week with each meeting 
lasting between 3-5 hours per day (depending on the interest shown by students). 
In one of the two days per week, the theoretical elements of research methodology were presented:  
x Finding motivation 
x Identifying an area of interest 
x Searching the scientific articles 
x Identifying experimental hypotheses and possible alternative hypotheses 
x Highlighting the possible sources of error 
x Identifying practical testing methods 
x Designing a scientific experiment in order to test the hypothesis 
x Pointing out the ways of interpreting the results in order to reduce the sources of errors 
x Creating a complex research project in accordance with the requirements of the founding bodies 
x Evaluating the potential economic impact and the ways to protect the idea. 
The traditional teaching activities conducted with the aid of Power Point training materials, a speech based on the 
questions and feedback provided by the students, accounted for 25% of the time. The remaining time was used by 
students to investigate the elements of the course based on their own research interests. At the same time, an 
increased emphasis was put on fluency (ability of students to generate new ideas), without students being penalized 
for "apparently wrong" answers. 
The organizers established from the beginning that there are no "wrong answers", only eventually "insufficient 
evidence" for a certain idea or concept. As a method for decreasing inhibitions, the method of quick questions 
generated by other students' responses was used, in order to decrease the predictability of responses and to highlight 
the fact that there are no "standard responses" expected or evaluated by the organizers. 
Laboratory practicals were done in the second day of the week. Students were divided into parallel groups based 
on their affinities. Some groups were involved in the usual laboratory techniques: labor protection rules, cell culture, 
primary cell cultures, micro-surgical techniques, microscopy and electrophysiology techniques and others were 
engaged in the development of research projects in their areas of interest. During this activity, the organizers 
guidance was minimal, demanding students to go through the methodological stages practiced during the course. 
Minimal support was given to identify the physiopathology mechanisms and to indicate the feasibility of the project 
in terms of experimental approach. All students were involved in both project development and in practical work. 
Students received homework in correlation with the declared goal of having their own projects at the end of the 4 
weeks. 
For the rough estimation of the potential economic impact, each project was evaluated based on the scientific 
success rate (assessment depending on the organizers' subjectivity), and on WIPO intellectual property criteria. 
4. Results 
The results of this educational experiment can be evaluated on two levels. The first level is represented by 
projects carried out by students, and by the evaluation of the potential social and economic impact. The second level 
is the evaluation of the feedback received from students. 
The projects developed by students are: 
Project (1) aimed to develop an endoscopic system (device) able to identify the most likely targets for a positive 
cancer diagnosis. This project was abandoned due to the low interest shown by the 4 medical interns. 
Project (2) had the goal to develop an innovative treatment (drug) for spinal cord injuries therapy. In the current 
status of the project the experimental methodology required to test the hypothesis is being identified. If the project 
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proposal for the treatment of spinal cord injuries submitted by the course organizers will get financial support, 
students are invited to test their own hypothesis. The social and economic impact of this project is high due to the 
devastating effects of these traumas that predominantly affect young people.  
Project (3) was devised for the development of an innovative therapy (drug) aimed to decrease vascular side 
effects of diabetes. The project is in the stage of experimental methodology identification. For the moment there are 
no financial resources for testing the experimental model. Due to the increased incidence of this pathology and due 
to the physiopathology mechanisms correlated with vascular damage, this project may have a considerably impact 
on economic and social development. 
Project (4) was designed with the purpose to develop a treatment for decreasing postoperative scars (device and 
drug). The project was developed based on the organizers' hypothesis. Students applied the research methodology in 
order to identify their own experimental hypothesis testing methods. The project has reached the stage where the 
experimental protocols for testing the hypothesis are established with the goal to protect the idea by patent for 
commercial use. The economic potential is high, due to rising living standards and the population's desire to have 
quality health care at a low cost. In addition, the dual approach, device-drug, allows for the better protection of 
intellectual property rights though a patent. 
Project (5) was designed for the development of a theoretical model aiming to decrease the neuropsychiatric 
developmental disabilities (motherese). Funding sources for this project have not been found yet. Based on this 
project and achieved competences, it was developed a new project. In the current stage of the project a clinical trial 
study on humans has been initiated in order to develop a neuropsychiatric evaluation as a prognostic factor of 
surgical treatment of hydrocephalus. There is potential for high social impact, but the project lacks potential 
economic impact. 
Project (6) was created for the development of an innovative cancer treatment (drug and device). In the current 
stage of the project, opportunities for experimental testing must be identified and funding sources must be found. 
The potential social and economic impact is very high, due to special pathology incidence and a large market share 
on the oncology market. The dual approach, device-drug, allows for the better protection of intellectual property 
rights. 
 
Table 1 The progress and potential social and economic impact ("+" = high impact, "++" = very high impact, "+++" = extremely 
high impact) 




1 Organizers Abandoned   
2 Students Searching funding sources + + 
3 Students Experimental hypothesis ++ ++ 
4 Organizers Searching funding sources + ++ 
5 Students Clinical trial study initiation + - 
6 Students Searching funding sources +++ +++ 
 
Questionnaire was designed to serve in the identification of the students' perception of this course. Only 7 
students from the 12 students who graduated the educational module sent their evaluations. Due to the small number 
of responses, statistical analysis cannot be performed, but it is interesting to point out individual responses (after 
their anonymisation). 
Questionnaire: 
Context: The course aimed to develop research projects proposed by students and graduates from the Faculty of 
Biology and Faculty of Medicine. Some of these are considered outstanding and the organizers are trying to identify 
the potential to expand this approach. 
1. What were your expectations when enrolling for this course? 
x A. To spend time in a pleasant way.  
x B. To spend time learning new things.  
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x C. To learn how to develop research projects in the biomedical field.  
x D. To be involved in the research projects of others.  
x E. To develop my own research projects.  
x F. Open answer. 
2. Do you consider that your projects developed during this course would have still been possible if you had not 
participated in this course? (Likert Scale)  
x A. To a very large extent  
x B. To a large extent  
x C. To a moderate extent  
x D. To a small extent  
x E. To a very small extent. 
3. Do you consider that your projects developed during this course are worth to be continued with the 
implementation and testing of the experimental hypothesis? (Likert Scale) 
4. Do you consider that the effort brought you great satisfactions, and do you recommend this course to others? 
(Likert Scale) 
5. What differentiates this course from the traditional academic approach? 
x A. Using small groups  
x B. The use of complementary groups  
x C. Selection of research themes according to students' interests  
x D. Permanent interaction between students and organizers  
x E. Organization of research subjects proposed by students, independent of the fear of failure  
x F. Open answer 
6. Do you consider that the results exceeded your initial expectations? (Likert Scale) 
 
Table 2 Anonymised responses to the questionnaire. Note the aggregation of responses, mainly for questions 2, 3, 4, and 6 
evaluated on Likert scale 
Student Q1 Q2 Q3 Q4 Q5 Q6 
1 B,D E A B D C 
2 B E A B D A 
3 A,B,C D B A D,F A 
4 B E A A C A 
5 B,C E C B A,D C 
6 C,E D A A A,C,D A 
7 C,D,E E B B D,E B 
 
5. Discussions 
Although there are a large number of students at the two universities, few students participated in this endeavor. 
The effort of the students was very significant, and has resulted in a high number of project proposals with social 
and economic potential. It is worth noting, that in the pharmaceutical industry, an important drug has annual sales of 
over one billion dollars. This huge potential economic impact requires attention from policy makers and they need to 
stimulate such approaches and the development of financing opportunities for projects developed by students. 
The evaluation by questionnaires highlights the aggregation of responses to questions 2, 3, 4, 6 on the Likert 
scale. Among these, the most significant is the answer to Question 4 that assesses the satisfaction brought by 
research efforts. It is necessary to identify and stimulate students with outstanding research potential. 
Discussions with students revealed that they need a lot of time and effort to complete university tasks in a manner 
that they perceive to be repetitive and without elements that stimulate their creativity. 
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Fig. 1. Identified barriers in creativity, innovation and development of new products 
 
To develop new technologies we need to foster creativity by stimulating imagination, curiosity, motivation and 
skills. These characteristics depend greatly on the individual features of students and can be stimulated or inhibited 
indirectly by the educational process, by defining desirable state and quantifying students’ outcomes depending on 
it. Using students' creativity to produce innovation requires the use of university as a support with the development 
of innovative mechanisms in order to generate and test new ideas. Teachers should make active efforts in this 
regard, but it seems that they do not define their role as being to stimulate new ideas and new jobs for students. This 
is the first barrier in the way of creativity to develop new technologies and innovative products. 
Innovation is incomplete without social and economic outcomes. The second barrier is induced by the economic 
environment. Students should be trained to use the economic environment as a tool and not as a barrier. 
6. Conclusions 
The data seems to confirm the experimental hypothesis, according to which, academic influence leads to the non-
involvement of students in research and the development of new therapeutic products and technologies. This 
conclusion is reinforced by the cumulative economic potential of the project proposals, generated almost exclusively 
by students. It is necessary to change the educational paradigm in order to stimulate creativity and innovation among 
students who can develop products with economic and social value. 
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